Abstract: Russia is one of the world's largest producers of energy resources. Production of energy resources in Russia is profitable, both economically and in terms of the energy produced (as measured by EROI). At the present time, Russian oil and gas companies have a policy of energy saving, and data on energy consumption is given in annual reports. Based on these data, we can make the EROI calculation. In 2013, the EROI for the production, transportation and processing of gas for Open joint stock company (OJSC) "Gazprom" was 79:1; for OJSC "NOVATEK", 76:1; for OJSC "Yakutsk Fuel and Energy Company (YATEC)", only for production, 116:1. Currently, the situation in the oil and gas industry has come to a point when there is a need for the introduction of an energy audit.
Introduction
In 2012, 12.4 billion tons of oil equivalent (toe) of energy resources [1] in total were consumed in the world. Of that, the percentage of oil is 33%, of coal is 30% and the fraction of gas is 24%. Together, coal, oil and gas currently make up about 87% of the total energy resource consumption.
OPEN ACCESS
Unfortunately, there is no data on the energy consumption separate for each activity sector, and there is no data on embodied energy consumption.
In the future, Rosstat's methodology of the calculation of energy consumption should be revisited and developed to show more data, at least with separation for activity sectors. 
Gas Producing Companies
In Russia, there are several companies whose main specialization is gas production. The two largest companies are OJSC "Gazprom" and OJSC "NOVATEK". In addition to these two major companies, there are a number of small-scale regional companies. In this article, we will talk about one of these: OJSC "Yakutsk Fuel and Energy Company (YATEC)", which is producing and selling gas in the territory of the Republic of Sakha (Yakutia).
In Russia, there is no independent organization that makes an estimation of energy consumption in oil and gas companies. Because of that, it is hard to make any estimation about the quality of data given in reports. At the moment, the data in reports is a black box and for the purpose of deep analysis of the EROI, we need to open it to understand how and what data is collected, the methodology, etc. Right now we do not have access to this information. For the purpose of preliminary calculation, we should trust these data (as far as we trust any information given in reports in general).
OJSC "Gazprom"
The Gazprom Group has the largest gas reserves among oil-gas companies in the world. As of December 31, 2013, Gazprom Group's hydrocarbon reserves in Russia were 35,669 billion m 3 of natural gas and 1381.2 Mt of gas condensate. At the end of 2013, the Gazprom Group was developing 131 hydrocarbon fields in Russia [8] .
The main region of the Group's activities is the Yamalo-Nenets region: more than half of Gazprom's gas proven reserves and more than 80% of its producing assets are located in the region. The specificity of the current activities of OJSC "Gazprom" is that the company is forced to form new gas production centers due to natural depletion of the fields. Currently, Gazprom forms the new gas production centers: Yamal, Yakutsk, Irkutsk, Sakhalin, Kamchatka and Krasnoyarsk.
In Yakutia, it has been decided to develop the Chayandinskoye field (about 1.2 trillion m 3 of gas reserves), to build the gas pipeline "Power of Siberia" and processing facilities in the Amur region. Gas production is scheduled to begin in 2018.
In connection with the formation of new gas production centers, an issue of gas processing gets special importance. At present, the installed capacities for hydrocarbon raw material processing of Gazprom Group are 53.4 billion m 3 for natural gas. It turns out that only a small share of the produced gas is processed, and the remaining share goes on sale without processing. This is due to the fact that currently, the major portion of the produced gas in terms of composition is single-component and does not require processing. Therefore, after cleaning and drying, the gas is sent directly to the consumer. After beginning development of the fields in the new gas production centers, it will be necessary to expand the gas processing capacities, because the composition of gases of the new fields is multi-component.
The forming of new gas production centers will require constructing new infrastructure, gas pipelines and gas processing plants. Construction and operation will require a significant amount of materials and energy. This, as well as an increasing transportation leg will reduce the EROI for the gas production. The exact calculation of the EROI could be done after the beginning of the development of fields at the new gas production centers.
Publication of data on energy consumption in the annual reports began only in 2010. Reports provide data on the energy consumption without separation by the sectors of activities (Table 2 ). Data includes energy consumption for production and transportation of gas in total. We should note that reports have very little data on energy consumption and no data on material consumption at all. For advanced EROI calculation, it is important to have a detailed report on energy consumption with separation by activity sector and, in the best case, field by field energy consumption with the following data:
 Drilling new wells, new construction;  Gas production;  Gas transportation;  Operation maintenance work (equipment repairs, other auxiliary work, etc.).
At the moment, we do not have such data in the public domain. However, we believe that the company can provide it in future reports.
OJSC "NOVATEK"
NOVATEK is the second largest producer of natural gas in Russia. The company's main activities are the exploration, development, processing, transportation and sale of natural gas. The development and processing assets of the company are mainly concentrated in the Yamalo-Nenets region.
As of 31 December 2013, NOVATEK's proved reserves totaled 12,537 million barrels of oil equivalent. In 2013, in total, 10 fields were under development [9] .
Unfortunately, in the reports, the data on energy consumption are provided without separation by activity sectors (Table 3 ). Data include energy consumption for production and transportation of gas in total. Again, very little data is given, without separation by activity sectors and without data on material consumption. We do not have additional data on energy and material consumption in the public domain from the NOVATEK Company.
OJSC "YATEC"
The company YATEC produces gas in the Republic of Sakha (Yakutia). The gas produced by the company is completely consumed within the republic.
The main field is Srednevilyuiskoye. Recoverable reserves of the field at the end of 2013 are 129.8 billion m 3 of gas and 5679 Mt of condensate. Srednevilyuiskoye field has been in development for 28 years. At the end of 2013, 32.5 billion m 3 of gas and 1923 Mt of condensate were produced in total. The annual gas production depends on the need for gas in the central region of the republic. Currently, annual gas production in Srednevilyuiskoye field is approximately 1.6 billion m 3 and 80 Mt of condensate. The authors received the necessary data for the calculation of the EROI during personal interviews with geologists and technical representatives of the company. For accurate values of the weight of equipment and materials, it would be necessary to look up the technical documents, invoices, etc. First, this is closed information. Second, all construction work was done 25 years ago, and it would take great efforts to find those documents. Because of that, we asked representatives to give the highest possible estimation, by sizing "no more than". For example, the weight of the well casing for each well is 291 t and cement, 250 t. As a comparison, in [5] , values were taken as 94-121 t of steel, 170 t of cement.
On field electricity and thermal energy are produced by a gas turbine station. Energy costs are directly proportional to production volume. Currently, the volume of production has stabilized at the point of 1.6 billion m 3 per year. Production of this amount of gas requires burning of about 13 million m 3 of gas. The produced electricity and thermal energy are both used for all technological needs and the needs of the village next to the field. In addition, about 1500 tons of fuel are annually consumed for operation needs (repairs of wells and equipment, transportation of goods, etc.). We do not have data on the company's energy consumption in the previous years. This is because YATEC is a small company, and managers and company owners right now do not see any advantage in providing public reports on energy and material consumption.
The results of laboratory analysis of the characteristics of the produced gas and condensate from Srednevilyuiskoye field are the following:
(1) Calorific value of gas, 8428 kcal/m The mass of the on-field gas pipelines is 10,180 tons of steel. Construction of the gas pipelines took about 3000 tons of fuel.
On the field, there are tanks for the storage of gas condensate. The total volume of tanks is 64,000 m 3 . The mass of the tanks is 2600 tons of steel. The system of gas preparation includes two plants for drying and purification of gas. The mass of the first plant is 950 tons of steel, and the mass of the second one is 800 tons.
Furthermore, an area of 160,000 m 2 has been concreted. The average thickness of the concrete layer is 30 cm, and it took about 24,000 tons of cement (Table 4) . At the bottom line, we must conclude that at the moment, reports from gas companies have very few data on energy and material consumption. The data that are given in reports are enough to make a preliminary EROI calculation, but not enough to make advanced calculations and analysis. This can be done in the future with additional data provided in reports.
Unfortunately, we do not have any independent database on the energy consumption issue that we can use in addition to the data from companies reports.
EROI Methodology
There are three approaches to calculating EROI [2] , which have been repeatedly spoken of in previously published articles. The first consists of calculating the energy spent for production, which is expressed in energy units (kWh, Gcal, fuel tons, etc.) and then relate it with an extracted volume of energy. However, often, it happens that there is no data on the consumption of energy. In this case, it is possible to utilize the second approach and calculate EROI through energy intensities. The second approach is used more often, as it often appears too difficult to obtain data on the consumption of energy and materials. The third way is to use a combined approach.
In this article, we will focus on the first method.
As it was written in previous articles, the definition and general formula of the EROI calculation for the lifetime of any energy project is as follows [10] :
where: E g , energy gained; E c , energy input to construction; E op , energy required to operate and maintain the project; E d , energy required for decommission.
The most difficult question is what to consider as "an energy input" for each project's stage? There are five boundaries for energy inputs, and for each boundary, a special EROI is determined [10] :
(1) Direct energy and material inputs (EROI 1,d ); (2) Direct and indirect energy and material inputs (EROI stnd ); (3) Direct and indirect energy and material inputs and indirect labor consumption (EROI 1,lab ); (4) Direct and indirect energy and material inputs, indirect labor consumption and auxiliary services consumption (EROI 1,aux ); (5) Direct and indirect energy and material inputs, indirect labor consumption, auxiliary services consumption and environmental (EROI 1,env ).
In this article, we will calculate EROI 1,d , but before, we must specify all energy inputs for the gas field development project. The energy and material inputs for the following activities will be considered as "direct":
(1) Construction:  Drilling rig mobilization, site preparation, demobilization;  Well drilling;  Well completion;  Steel for well casing;  Concrete for well casing;  On-site engines and similar equipment;  Steel and construction for associated necessary pipelines; (2) Operation:
 Electricity used for gas extraction;  Electricity used for gas primary processing and compression;  Thermal energy used for heating;  Energy and materials for additional drilling and construction;  Energy and materials for repairs; (3) Decommission:
 Energy and material used for decommissioning.
All activities can be divided into three stages of the gas field development project (Figure 1 ).
Figure 1. Energy input and output from a gas field development project.
Based on the scheme, we can specify EROI formulas for gas production:
(1) EROI for extraction in one year:
EROI extr (t) shows the impact of reserve depletion on the energy profitability of project. It can be very useful to exclude all additional energy that is needed to drill new wells, etc., to see how reserve depletion influences energy efficiency.
(2) EROI for field development in one year:
EROI dev (t) shows the impact of reserve depletion and the intensity of additional construction on the energy profitability of the project. Depending on drilling and construction intensity, it can significantly vary from year to year. 
where:
 ∑Е shows the energy result for the lifetime of the project. It should be noted that decommission energy costs can be incurred during the project operation time.
In this article, because of the lack of data, we will calculate a modified EROI dev for hydrocarbon production in Russia, OJSC "Gazprom" and OJSC "NOVATEK". In addition to energy for extraction and additional construction, we will add energy for gas transportation. Furthermore, only part of the embodied energy will be taken into calculation; to be specific, the embodied energy for materials used for well construction. The formula is:
For OJSC "YATEC", EROI extr (t) and EROI final will be calculated for 28 years of development. In order to calculate the EROI, the following conversion factors will be used (Table 5 ). It is necessary to note that comparisons of consumed electric power, thermal energy and an energy equivalent of fossil fuels are very important issues. In Russia, a widespread practice of an assessment of the production efficiency of electric power and thermal energy is specific to fuel consumption in the production of 1 kWh and 1 Gcal. In our calculations, we will use the actual values of the consumption of fuel for production electric power and heat energy at JSC "Tatneft" enterprises, the data is displayed in the table above.
Unfortunately, we do not have data on material consumption for gas production in the public domain. We only can give an estimation of steel and cement consumption based on the quantity of commissioned wells. We will assume that each well requires about 180 mt of steel and 200 mt of cement. For accurate calculations, of course, we need official data. All companies have such data, and it can be given in annual reports along with energy consumption.
In this article, we will not give an estimation of embodied energy, which is connected with additional on-field equipment, because there is no data in the public domain.
Data on the energy consumption for the production of steel and cement are taken from the report of the British Scientists from the University of Bath [11].
Results

EROI for Hydrocarbon Production in Russia
According to Russian statistic agency data, the EROI for oil and gas production and transportation is about 30 (Table 6, Figure 2 ). Oil production, Mt Gas production, Mtoe EROI Obviously, with reserve depletion, production becomes more costly. The growth of energy consumption in turn leads to a decrease of the EROI. This is entirely consistent with the fact that until 2008, the EROI was continually declining. However, after 2008, the EROI increased from 30 to 33. In our opinion, this increase is due to new energy strategies in all oil and gas companies. In addition, in 2012, it decreased to 30. We believe this is mainly because of decreasing of the EROI for gas production, as will be shown below. Another factor is that the potential of energy savings is exhausting.
EROI for Gas Production in Companies
On the basis of data provided in the reports, we can calculate the EROI dev and transp for OJSC "Gazprom" (Table 7 ). As can be seen from the calculations, the EROI is relatively high compared to the average EROI for hydrocarbon production in Russia.
The calculations demonstrate that the EROI is slightly declining. Among the possible factors, two main ones can be noted:
(1) The depletion of existing fields and the need for the development of new fields located in remote areas; (2) Construction of new lines for the main gas pipeline and increasing energy consumption in transportation.
OJSC "NOVATEK"
On the basis of these data, we can calculate the EROI dev and transp for OJSC "NOVATEK" (Table 8 ). As can be seen from the table, along with the increase in production, the EROI significantly declined during the period 2010-2013. Answers, such as the factors and how they reduce EROI, can be given only with additional data on energy consumption. At the moment, it can be assumed that the decrease of the EROI is associated with increased drilling activity and involvement in the development of more energy costly gas fields.
OJSC "YATEK"
We have all of the data to calculate the EROI extr at the start of pipeline on Srednevilyuiskoye field ( Table 9 ). In 2013, there were not any capital works (drilling, decommissioning, etc.) All material and energy costs were made to maintain gas production and to do minor repairs of field equipment. EROI extr for gas production calculated at the start of the pipeline is 116; this is a high value. The pressure of gas at the wellhead is enough to make primal procession of gas and to put it in the pipeline. We must underline that it is EROI extr for compressed gas at the start of the pipeline. Taking into calculation the energy costs for transportation (500 km pipeline), the EROI will decline, and in Yakutsk, it is expected to be below 100.
For calculation of EROI final , we need data on operational energy consumption for the entire lifetime. We do not have these data. The authors made the assumption (realizing that this is a very significant assumption) that the operating energy costs in the past were proportionally the same as now. Then, we made a calculation of the EROI final for the whole period of field development: the ratio of total output of energy for 28 years to the volume of all (direct and embodied) energy consumed during the same period (Table 10) With certain conditions, we can say that the EROI of the gas production on Srednevilyuiskoye field at the start of the pipeline for 28 years stands at 80. This is a high value, and this once again confirms the fact that the traditional gas is a highly efficient energy resource, both economically and energetically. 
Discussion of the Results
Calculations show that the EROI of the gas production in Russia is declining (Table 11) . Table 11 . EROI for gas production.
No .  Company  2010  2011  2012  2013  1  Gazprom  81  77  75  80  2  NOVATEK  129  105  76  70  3  YATEC  ---116  4 Hydrocarbon production in Russia 32 33 30 -It should be kept in mind that the calculations for Gazprom and NOVATEK include energy costs for the production and transportation of gas. Without transportation at the start of the pipeline, we calculated the EROI for traditional gas at about 116. For shale gas, the EROI of course must be lower, because more drilling activity is needed, as well as fracturing. As we might have expected, the EROI for the gas production is high; however, we need more accurate calculations with additional data.
It should be noted that the EROI for gas production is higher than the average EROI for hydrocarbon production in Russia. This means that the EROI for oil production must be below the average level. At the same time, the EROI for the gas production is declining, and this means that the gas production is negatively affecting the dynamics of the EROI for hydrocarbon production in Russia.
Accurate calculation and deep analysis of EROI extr and EROI dev requires more data, specifically:
(1) Energy cost for extraction; (2) Energy cost for additional drilling and construction; (3) Material costs; (4) Energy cost for transportation.
Companies have these data, and it can be published in reports.
In fact, the question should be wider than just calculating EROI for particular energy resources. We should put the question of the introduction of an energy audit by analogy with the financial audit.
